How do income fluctuations affect health and nutrition outcomes, and how do these effects vary across the life cycle? Studies looking both across and within countries reveal strong correlations between income and health (Cutler et al.
RESEARCH OVERVIEW
How do income fluctuations affect health and nutrition outcomes, and how do these effects vary across the life cycle? Studies looking both across and within countries reveal strong correlations between income and health (Cutler et al., 2006; Adda et al., 2009; Currie, 2009; Banerjee et al., 2010; Bengtsson, 2010; Baird et al., 2011; Ebenstein et al., 2015) . In terms of a causal link, some of the best identified studies of the impacts of income on health consider either extreme events that provide natural experiments-like droughts (Lohmann and Lechtenfeld, 2015; Hyland and Russ, 2019) , blights (Banerjee et al., 2010) , prolonged blackouts (Burlando, 2014) , war and armed conflict (Akresh et al., 2012; Minoiu and Shemyakina, 2014) , recessions (Bhalotra, 2010) , or financial crises (Cutler et al., 2002; Van den Berg et al., 2006; Bozzoli and Quintana-Domeque, 2014; Hidrobo, 2014 )-or randomized controlled trials of cash transfer programs. However, extreme events can have unique behavioral impacts, such as reduced life satisfaction (Luechinger and Raschky, 2009) , increased risk aversion (Cameron and Shah, 2015) , and reduced aspirations for the future (Kosec and Mo, 2017) , which smaller fluctuations in income do not bring about. And findings from cash transfer programs may not generalize to populations not targeted by such programs. Further, evidence on the health impacts of transfers is mixed (Evans et al., 2019) .
Our working paper, "The Effects of Income Fluctuations on Rural Health and Nutrition," provides causal evidence on how the income fluctuations poor households confront across the globe influence health and nutrition outcomes across the life cycle. We use individual-level data from a 13-year, nationally-representative rotating panel survey of Kyrgyzstan to estimate the effects of fluctuations in the incomes of agriculture-dependent households on the heights and weights of young children (age 0-5) and on the incidence of overweight and obesity among children and adults. Our focus on departures of income from trend is distinct from analysis of the effects of long-term changes in income. It offers insight into how health responds to income fluctuations that are ubiquitous in developing countries rather than the impacts of global shifts in a country's prosperity. We address the endogeneity of income to health and consumption using an instrumental variables approach; we instrument for income with predicted income, obtained using the household's initial period share of income from six different revenue sources, agricultural production costs from two different sources (crop and livestock), and aggregate growth rates of each of these eight revenues and costs over time. We find that young children (age 0-5) exposed to reductions in income experienced reductions in height. At the same time, older children and adults saw decreases in BMI and-for adults-decreases in the incidence of overweight.
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DATA AND METHODS
Our data source is the Kyrgyzstan Integrated Household Survey (KIHS), a nationally representative, rotating panel household survey carried out quarterly starting in 2003. For consistency in income codes, we use data for the 13 years spanning 2004-2016. We include in our sample for analysis households earning at least some income from agriculture during their first year in the sample, which constitute 61.8 percent of household-year observations from the KIHS sample. In total, we have 35,961 unique individuals from 8,845 households in our main sample for analysis.
We follow a large literature based on Bartik (1991) to identify the causal effects of fluctuations in income. Specifically, we predict logged total household income in year by taking the baseline (year 0) values of six sources of household revenue (income from the non-agricultural sector, crop production, livestock sales, meat production, hunting/ gathering, and production of processed food) and two costs (crop production costs and livestock production costs) that jointly sum to total income, and multiplying each by the oblast (i.e. region; there are eight in our sample) area type (rural or urban) aggregate growth rate in this revenue (or cost) source between 0 and . Formally: , where indexes households, indexes the oblast (i.e. region) in which the household resides, indexes years, and , , , and , , , are the average growth rates of revenue source and cost source , respectively, between year 0 and year in the oblast area type. We then use this predicted (i.e. "projected") household income variable as an instrument for actual total household income. Using this instrumental variables strategy, our first and second stage equations are: where indexes individuals, is the chosen lag structure, in years (either 1 or 2). , , , is a health or nutrition outcome in our main analysis, which is measured in the first quarter of the year (January-March).
, , is total annual household income; it is the sum of the values of six sources of household revenue net of the two costs of agricultural production. , , is a vector of household-level controls, taken from the first year the household entered the sample, and is a vector of individual-level controls. and ( and ) are oblast (year) fixed effects in the second and first stages, respectively. Our year fixed effects absorb the impacts of nationwide movements in revenues from different sectors over time, while our oblast fixed effects capture regional differences in the composition of income. Importantly, identification in no way comes from endogenous household decisions to change the household's relative reliance on different sectors (e.g., the non-agricultural sector vs. crop agriculture) over time. We further control for the logged value of initial (year 0) revenue, , , that the household earned from each of the six revenue sources, , 1, . . . 6 , and logged value of the initial year costs, , , that the household incurred from each of the two cost sources, , 1, . . . 2 . And we also control for the interaction of each logged income or cost with a linear time trend, to allow households to be on different trends according to their initial reliance on different sources of revenue, or how affected they were initially by different costs. Finally, in case households are also on different secular trends according to their initial year total income, , , , we additionally control for logged initial total income and its interaction with a time trend.
Our IV strategy exploits that part of household income that is due to exogenous changes in the profitability of different forms of earning income, and the costs of different ways of earning income. Our key identifying assumption is that predicted (i.e. projected) total income only affects health-related outcomes through its effects on household income.
Results
Total household income is indeed strongly correlated with predicted income, revealing that our first stage regression meets the inclusion restriction; indeed, our first stage F statistic is always above 360.
To interpret the magnitude of our second stage results, it is useful to consider what are the typical fluctuations in income that our sample households face. To do this, we computed the absolute value of the percentage change in annual household income relative to the previous year across the full sample. On average, households experienced an income fluctuation of 36 percent, year-over-year. Figures 1 and 2 thus show the predicted impacts of a 36 percent reduction in income on health and nutrition outcomes.
Figure 1
Effects of an average-sized negative income fluctuation on children under 5 (90% confidence intervals) Reductions in household income appear to reduce height, heightfor-age Z-scores, weight, weightfor-age Z-scores, and weight-forheight Z-scores for children under five in the following yearwith all results statistical significant at the 0.1 level or higher. The probability of stunting is increased, though this effect is not significant at conventional levels. Specifically, an average-sized reduction in income of 36 percent predicts a 0.12 kg decline in weight, a 0.07 S.D. reduction in height-for-age Z-score, a 0.08 S.D. decrease in weight-for-age Z-score, and a 0.06 S.D. decrease in weight-for-height Z-score among children under five, compared to the international reference group (all significant at the 0.05 level or higher).
For older children (age 5-18), youth (age 18-35), and adults age over 35, we see more mixed results. Height seems to be unaffected by income fluctuations. A decrease in weight is only seen among adults over age 35. BMIs are reduced for all groups over age five, but the incidence of overweight is reduced only among adults. Specifically, among older children (age 5-18), an average-sized reduction in annual household income predicts a 0.05-point decline in BMI (significant at the 0.10 level); among youth, the same fluctuation in income predicts a larger, 0.13-point decline in BMI (significant at the 0.05 level), and a 2 percentage point decline in the probability of being overweight (significant at the 0.01 level); among adults, we see the 36 percent decrease in income predicts a 0.87 kg decline in weight, a 0.28 point decline in BMI, and a 4 percentage point decline in the probability of overweight (all significant at the 0.01 level).
Our discussion paper also explores the potential mechanisms through which the income fluctuations may affect health and nutrition outcomes. We find that reduced consumption of healthy foods, reduced dietary diversity, and less expenditure on healthcare may help explain the results. A channel possibly offsetting negative impacts is a decrease in fertility (Kosec and Song, 2019) . 
CONCLUSIONS AND POLICY RECOMMENDATIONS
This study provides causal evidence from agriculture-dependent households in Kyrgyzstan that fluctuations in household income can have modest but statistically significant effects on children's long-term health and nutrition status and the BMIs and incidence of overweight in adults. It also provides evidence of several channels possibly explaining these impacts.
Our findings provide both good news and bad news for the double burden of malnutrition. While reductions in income contribute to undernutrition in young children, they also reduce over-nutrition in older children and adults. They do so both by decreasing the diversity of diets, leading households to consume less of healthy foods, and reducing overall food consumption. While overall reductions in consumption may be helpful for the problem of over-nutrition in older children and adults, poorer-quality diets combined with lower consumption appear to be contributing to undernutrition in young children. This suggests the need for public health officials and practitioners in development to respond to fluctuations in household income with tailored solutions that can reduce undernutrition without also increasing over-nutrition. 
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